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(S) Shaft seals. 

(§) An active magnetic seal controls leakage from a turbine shaft (1) or other rotating equipment by the 
inclusion of circumferential electromagnet windmgs (5, 6, 7, 8) forming a dynamically controllable 
magnetic gap between the axial borders of rotor (2) and stator (3, 4) elements. 
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1 EPO 

The present invention relates to a method and 
apparatus for providing a seal around a shaft Dis- 
closed illustrative embodiments relate to sealing 
arrangements of the kind used on a rotating shaft of 
a turbine or other rotating equipment 

Sealing arrangements such as labyrinth seals, 
carbon seals and mechanical face seals for control- 
ling leakage from rotating equipment are known as 
are their advantages and disadvantages. 

Labyrinth seals, for example, used in steam tur- 
bines are non-contacting and, therefore, have long fife 
but their relatively high leakage rates require an 
auxiliary gland seal system. Such gland seal systems 
include highly complex and heavy seal regulators for 
reducing high pressure steam to the few pounds per 
square inch pressure required for gland sealing. 
Additional complexities and equipment involve sev- 
eral valves, high and low pressure drains, air ejectors 
and exhaust condenser as well as steam and air 
exhaust piping. The weight and space requirements 
of such system are high. For examples such support 
equipment in a typical ship's engine room has been 
estimated to weigh 3 tons. 

Carbon ring seals, on the other hand, are contact- 
ing seals which tend to minimize steam leakage, but 
the contact between parts leads to relatively hkjh 
wear rates. 

Rotary gap type seals are also known such as 
that shown in U.S. Patent No. 3,499,653 issued to 
Gardner, which teaches gas seals that are non-con- 
tacting at high speed and which control leakage by 
using hydrodynamic forces to control separation be- 
tween sealing faces. At low speeds and/or pressures, 
however, some contact usually occurs resulting in 
wear and possible damage. 

It is also known, as illustrated in U.S. Patent Nos. 
4,434,987 and 4,447,063, to use an electromagnet for 
controlling a gap between a rotating ring and a sur- 
rounding non-rotating ring in shaft seals wherein sea- 
ling fluid is pumped into the gap and exhausted 
through a bore in the stator elements. These devices 
also include an elastic bellows memberfor exerting an 
axial force on the non-rotating seal ring. 

An illustrative seal system disclosed herein seeks 
to overcome the limitations of the prior art systems by 
minimizing gas leakage, weight, space requirements 
and costs while increasing wear life. 

An illustrative seal system embodying the inven- 
tion includes one or more spring biased cylindricaOy 
shaped electromagnets disposed in stator elements 
on both sides of a rotating ring fixed to the shafts to 
be sealed. The gaps between the ring and the spring 
loaded magnets are boundary seals and may be 
closely controlled to maintain a small clearance com- 
pletely around the circumference of the ring and the 
shaft on which it is mounted. Such an arrangement 
does not require elaborate sealing fluid pumping 
means and exhaust vents as used in the prior art. 
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Moreover, the inclusion of rotor position sensing 
means, which will detect the distance between stator 
and rotor and hence the gap size, in combination with 
an electronic controller permits the boundary seal 
5 clearance to be dynamically controlled. 

Still further, the arrangement allows the inclusion 
of a geometric labyrinth seal as a secondary sealing 
arrangement, thus increasing the safety factor of the 
disclosed shaft seal which is useful for controlling 
10 leakage from steam/gas turbines, compressors and 
other rotating equipment 

This invention will be more completely 
appreciated by carefully studying the following 
detailed description of a presently preferred exem- 
15 plary embodiment of this invention in conjunction with 
the accompanying drawings in which: 

FIGURE 1 is a partial radial cross section of the 
exemplary shaft seal; and 
FIGURE 2 is an exemplary embodiment of an 
20 electrical controller for dynamically controlling the 

magnetic gap between stator and rotor faces. 
An exemplary embodiment of an active magnetic 
seal embodying the invention combines the develop- 
ing technologies of magnetic bearings and dry run- 
25 ning gas seals whereby a dynamically controlled 
magnetic gap between stator and rotor faces is 
obtained for the purpose of minimizing gas leakage, 
wear, complexity and costs. Figure 1 shows the basic 
components for the proposed embodiment and 
30 includes a shaft 1 of a turbine or the like with a rotor 
ring 2 mounted on the shaft which extends in a radial 
direction toward the stator and about the complete cir- 
cumference of the shaft The rotor consists of a stack 
of ferromagnetic laminations without slots or wind- 
35 ings. 

Stator elements 3 and 4 are also made up of 
stacked ferromagnetic laminations which extend 
completely about the circumference of the shaft 1. 
The stator elements, however, are slotted in the cir- 

40 cumferential direction and include windings 5, 6, 7 
and 8 which also extend completely about the 
periphery of the shaft 

The windings are axially movable but closely 
received in the slots and are also spring biased as 

45 schematically illustrated in the drawing. Arranged as 
illustrated the electromagnet windings of the stator 
are spring biased and are free to move so as to main- 
tain a very close axial spacing with the rotor. The rotor 
and/or stator may also be spring backed in order to 

so allow either or both to float in order to compensate for 
thermal expansions, vibrations, etc which tend to 
open or close the gap between the stator and rotor 
faces. 

The electromagnetic windings extending com- 
55 pletely about the circumference of the shaft and in the 
general relationship to the rotor ring as illustrated, 
form boundary seals on both sides of the rotor and 
may be arranged to maintain a very small clearance 

3 
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between the windings and the rotor under both static 
and dynamic conditions. 

The exemplary arrangement illustrated also 
allows the inclusion of a labyrinth seal at the outer 
radial end of the rotor ring whereby an additional sea- s 
ling arrangement is obtained. Although the sealing 
effect of element 9 is secondary to that provided by 
the movable windings, such secondary or back up 
sealing nevertheless increases the overall sealing 
capacity of the illustrated arrangement as well as pro- 1 o 
vtding a safety feature in the event that the primary 
sealing arrangement failed. 

Figure 1 additionally illustrates the placement of 
position sensors which detect the displacement of the 
rotor and stator faces. The magnetic fields generated 15 
by the electromagnets are modulated as a function of 
the axial position of the rotor vis-a-vis the stator faces. 
This position in turn is controlled by the signals gen- 
erated by the position sensors in comparison to a 
reference signal representative of a desired zero axial 20 
position which occurs where the magnetic gap be- 
tween winding and rotor faces are equal on both sides 
of the rotor. 

If the position of the rotor shifts, an electronic con- 
troller such/as that which is illustrated in Figure 2 will 25 
detect the displacement in cooperation with the posi- 
tion sensor. Thereafter, current will be directed to the 
appropriate electromagnet(s) and the electromagnets 
will in turn push the stator toward the desired zero 
axial position. 30 

The circuitry of Figure 2 is an exemplary embodi- 
ment of an electronic control loop for dynamically con- 
trolling the magnetic gap between the stator and rotor 
faces for leakage control. Such circuitry could also be 
implemented using analog or digital computers res- 35 
ponsh/e to the position sensors for determining 
appropriate corrective action and directing amplified 
signals to the electromagnets. 

The position sensors 1 0 and 1 1 provide a continu- 
ous feedback where the signals are combined and 40 
compared with a reference signal to form an error sig- 
nal of appropriate magnitude and polarity which may 
be used to control the electromagnets after amplifi- 
cation to push and/or pull the stator to its nominal posi- 
tion and thus maintain a clearance of approximately 45 
a mil between the rotor and magnet windings which 
form the boundary seals on both aides of the rotor. 

Although some leakage of a relatively high press- 
ure fluid on one side of the rotor may pass to a rela- 
tively low pressure atmosphere, on the other side of so 
the rotor, such leakage is minimized by dynamically 
maintaining the relatively small gaps between the 
magnet windings and the rotor. Additionally, labyrinth 
seal 9 provides a sealing function, albeit of a secon- 
dary or backup nature. Thus, the disclosed sealing 55 
arrangement has relatively low leakage and, since it 
is non-contacting, is non-wearing. Additionally it is 
relatively simple in comparison toother priorart seals. 



While the invention has been described in con- 
nection with what is presently considered to be the 
most practical and preferred embodiment, it is to be 
understood that the invention is not to be limited to the 
disclosed embodiment, but on the contrary, is inten- 
ded to cover various modifications and equivalent 
arrangements. 



Claims 

1. A magnetic seal for a rotating shaft, said seal 
comprising: 

a rotating ring fixed to the shaft, said ring 
having opposing side surfaces extending in the 
radial direction with an end surface connecting 
said side surfaces; 

stator elements extending circumferen- 
tially around said shaft on at least one side of said 
ring with radially extending surfaces spaced from 
and facing said side surfaces of said ring; 

said stator elements including circumfe- 
rential grooves in the radially extending surfaces 
facing the side surfaces of said ring; 

electrical windings formed in said grooves 
and extending beyond said radially extending 
surfaces toward the side surfaces of said ring to 
form pairs of seal gaps for controlling the leakage 
between the rotating ring and stator elements; 
and 

an electrical control loop for supplying 
power to said windings for magnetically providing 
gaps between said windings and said ring. 

2. A magnetic seal as in claim 1 further including 
resilient elements in said grooves below said 
windings whereby said windings are free to resi- 
lientiy move in an axial direction to maintain a 
close axial spacing with said rotating ring. 

3. A magnetic seal as in claim 1 including stator ele- 
ments on both sides of said ring and further 
including a housing element connecting said 
stator elements so as to substantially enclose 
said end surface of the rotating ring between said 
gaps. 

4. A magnetic seal as in claim 3 further including a 
labyrinth seal located between said housing ele- 
ment and said end surface of the rotating ring. 

5. A magnetic seal as in claim 1 wherein the rotating 
ring and stator elements are formed of stacked 
laminations of ferromagnetic material. 

6. A magnetic seal as in claim 1 wherein the electri- 
cal control loop includes position sensors for pro- 
ducing signals indicative of the relative 
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displacements between said windings and the 
side surfaces of said rotating ring. 

7. A magnetic seal as in claim 6 wherein the electri- 
cal control loop further includes a comparator for 
comparing the sensor signals with a reference 
signal to produce an error signal indicative of the 
magnitude and direction of the magnetic correc- 
tive action to be applied by said windings. 

8. A magnetic seal as in Claim 1 wherein said shaft 
is a turbine shaft and said seal controls leakage 
of high pressure gases along the shaft. 

9. A magnetic seal as in claim 1 wherein the shaft or 15 
stator elements are spring biased to allow for 
thermal expansion and compensate for vib- 
rations. 

10. A process for providing dynamically controlled 20 
magnetic gaps between stator and rotor faces to 
control leakage around a rotating shaft, said pro- 
cess comprising: 

fixing a radially extending rotor ring with 
opposing side surfaces to said shaft, said side 25 
surfaces being connected by an axial extending 
surface; 

providing stator ring elements with radially 
extending surfaces spaced from and facing said 
side surfaces of the rotor ring, said stator ele- 30 
ments including axially extending circumferential 
grooves in said radially extending surfaces; 

providing electromagnet windings in said 
grooves and extending axially from said grooves 
such that a gap is formed between each winding 35 
and said rotor side surfaces; 

sensing the linear gap displacements at 
each said rotor side surface, and in response to 
said sensing; 

supplying electrical power to said windings 40 
of an appropriate magnitude and polarity as to 
magnetically control said gaps to have substan- 
tially equal displacements, said displacements 
being sufficiently small as to effectively control 
leakage around said shaft 45 
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An active magnetic seal controls leakage 
from a turbine shaft (1) or other rotating equip- 
ment by the inclusion of circumferential elec- 
tromagnet windings (5, 6 f 7, 8) forming a 
dynamically controllable magnetic gap between 
the axial borders of rotor (2) and stator (3. 4) 
elements. 
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